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)OH[LEOH JUDSKLWH SDFNLQJ ULQJV ZLWK GLIIHUHQW GHQVLW\ KDYH GLIIHUHQW FRPSUHVVLRQ SHUIRUPDQFH $FFRUGLQJ WR QXPHULFDO DQG







7KHSHUPHDELOLW\ RI IOH[LEOH JUDSKLWH SDFNLQJ IRU JDV DQG OLTXLG LV YHU\ JRRG DVZHOO DV LWV JRRG UHERXQGRI
FRPSHQVDWLRQ IRU VWUHVV UHOD[DWLRQZKLFKPDNHV LW RI JRRG VHDOLQJ SHUIRUPDQFH VR LQ UHFHQW \HDUV WKH IOH[LEOH
JUDSKLWH SDFNLQJ LV ZLGHO\ XVHG LQ WKH VHDO VWUXFWXUH RI 539 3UHYLRXV VWXGLHV >@ PRVWO\ FRQILQHG WR FRPELQH
VLPSOLILHGWKHRUHWLFDODQDO\VLVZLWKH[SHULPHQWDOVWXG\WRDQDO\]HWKHFRPSUHVVLRQSHUIRUPDQFHRIIOH[LEOHJUDSKLWH
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GLIIHUHQW GHQVLW\ KDYH QRW EHHQ UHSRUWHG0HDQZKLOH SUHVHQW UHVHDUFK DERXW WKH FRQWDFW SUHVVXUH GLVWULEXWLRQ RI
SDFNLQJ ULQJ LV DOVR LQVXIILFLHQW /DWHUDO SUHVVXUH GLVWULEXWLRQ RI SDFNLQJ ULQJ LV GLUHFWO\ UHODWHG WR WKH FRQWDFW
SUHVVXUHGLVWULEXWLRQEHWZHHQ WKHSDFNLQJULQJDQGVKDIWDVZHOODV WKHSDFNLQJULQJDQGFDYLW\LQ WKLVSDSHU WKH
LQQHU F\OLQGHU LQVWHDG RI VKDIW WKH RXWHU F\OLQGHU LQVWHDG RI FDYLW\ ZKLFK UHDFWV WKH VHDOLQJ SHUIRUPDQFH RI D
SDFNLQJULQJ$FFRUGLQJWRQXPHULFDODQGH[SHULPHQWDOPHWKRGVWKLVSDSHUVWXGLHGWKHFRPSUHVVLRQDQGUHVLOLHQFH
SHUIRUPDQFHVWUHVV WUDQVIHUFKDUDFWHULVWLFVDQGODWHUDOSUHVVXUHFRHIILFLHQWVRISDFNLQJULQJVZLWKGLIIHUHQWGHQVLW\




2.1. Test apparatus 
7HVW DSSDUDWXV XVHG KHUH LV PDGH XS RI ORDGLQJ V\VWHP VWUDLQ UHFRUGLQJ V\VWHP DQG SDFNLQJ ULQJ DVVHPEO\
V\VWHPDVVKRZQLQ)LJ
2.2. Test specimen 
7KHVL]HRIWKHSDFNLQJULQJLVĭîĭîPPLQQHUGLDPHWHUîRXWHUGLDPHWHUîKHLJKW7KHUHDUHWKUHH
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&RPSUHVVLRQUHVLOLHQFHWHVW
3.1. Test method 
,QWKHFRPSUHVVLRQUHVLOLHQFHWHVWWKHSDFNLQJULQJLVORDGHGDVVKRZQLQ)LJ7KHORDGLQJVSHHGDVZHOODV
XQORDGLQJVSHHGLVFRQWUROOHGDW03DV7KHPD[LPXPVWUHVVKHUHLVVHWDV03DRQWKHJODQGLVNHSWIRUV
DQG WKHQ WKH VHW LV XQORDGHG'XULQJ WKH SURFHVV RI ORDGLQJ DQG XQORDGLQJ WKH GHIRUPDWLRQ RI FRPSUHVVLRQ DQG
UHERXQG RI WKH SDFNLQJ ULQJ DUH UHFRUGHG UHVSHFWLYHO\ 7KH FRPSUHVVLRQUHVLOLHQFH FXUYH LV JHQHUDWHG LQ WKH
FRUUHVSRQGLQJFRQWUROOLQJVRIWZDUHDQGWKHFRPSUHVVLRQUDWHDQGUHVLOLHQFHUDWHDUHDXWRPDWLFDOO\FDOFXODWHG
3.2. Result and analysis 











î0035 UDWH5HERXQGî033 UDWHQ&RPSUHVVLR  
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ZKHUHPLVLQLWLDOKHLJKWRISDFNLQJULQJPPM LVWKHKHLJKWXQGHUWKHPD[LPXPD[LDOVWUHVVPPRLVWKHKHLJKW
RISDFNLQJULQJDIWHUWRWDOO\XQORDGHGPP7KHUHVXOWLVVKRZQLQ7DEOH
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FFbax u u H   




'HQVLW\JFP 7UDQVLWLYHD[LDOIRUFH.1 *ODQGIRUFH.1 7UDQVPLVVLELOLW\
   
   
   





5.1. Test method  
,QWKLVWHVWWKHD[LDOVWUHVVLVDSSOLHGWRYDU\IURP03DWR03DIRUHDFKVWHSZLWK03DORDGLQJVSHHGLV
03DVWKHNHHSLQJWLPHIRUHDFKVWHSVWUHVVLVV'XULQJWKHSURFHVVRIORDGLQJODWHUDOSUHVVXUHLVJHQHUDWHG
7KHQ WKH LQQHU DQGRXWHU F\OLQGHUV DUHGHIRUPHGXQGHU WKH ODWHUDO SUHVVXUHZKLFK FDQEHPHDVXUHGE\ WKH KRRS
VWUDLQJDXJHVDIIL[HGRQWKHF\OLQGHUVXUIDFH
7KHSDFNLQJ ULQJ LV VRIW SDFNLQJ IRU UDGLDO VHDO ODWHUDO SUHVVXUH FRHIILFLHQW LV XVHG WR GHVFULELQJ WKH YDOXH RI
ODWHUDOSUHVVXUHXQGHUWKHD[LDOVWUHVVIRUVLQJOHSDFNLQJULQJ7KHFRHIILFLHQWVFDQEHFDOFXODWHGDFFRUGLQJWR(T
>@
GQK ii   GQK oo    
ZKHUH iK LV WKH ODWHUDO SUHVVXUH FRHIILFLHQW EHWZHHQ SDFNLQJ DQG LQQHU F\OLQGHU oK LV WKH ODWHUDO SUHVVXUH
FRHIILFLHQWEHWZHHQSDFNLQJDQGRXWHUF\OLQGHU iQ LVODWHUDOSUHVVXUHEHWZHHQSDFNLQJDQGLQQHUF\OLQGHU03D oQ
LVODWHUDOSUHVVXUHEHWZHHQSDFNLQJDQGRXWHUF\OLQGHU03DG LVD[LDOVWUHVV03D
7KH ODWHUDO SUHVVXUH iQ DQG oQ FDQ¶W EH GLUHFWO\ PHDVXUHG E\ H[SHULPHQW 7KH FRHIILFLHQWV iK DQG oK DUH
GHWHUPLQHGZLWKH[SHULPHQWDOQXPHULFDOPHWKRG>@7KDWLVWKHUHODWLRQVKLSEHWZHHQD[LDOVWUHVVG DQGKRRSVWUDLQ
FDQ EH REWDLQHG WKURXJK H[SHULPHQW  WKH UHODWLRQVKLS EHWZHHQ ODWHUDO VWUHVVQ DQG KRRS VWUDLQ FDQ EH REWDLQHG
WKURXJKILQLWHHOHPHQWPHWKRG)(06RIRUHDFKD[LDOVWUHVVG RQHFRUUHVSRQGLQJKRRSVWUDLQFDQEHPHDVXUHG
DQGRQHFRUUHVSRQGLQJODWHUDOSUHVVXUHFDQEHFDOFXODWHG7KHQWKHFRHIILFLHQWK  iK DQG oK LVREWDLQHG
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%DQGRXWHU F\OLQGHU oS RISRLQW$ H DQG H DQG H UHVSHFWLYHO\ UHSUHVHQW WKHSUHVVHGSDFNLQJ ULQJVZLWK WKH
QRPLQDOGHQVLW\RIJFPJFPDQGJFP7KHODWHUDOSUHVVXUHQ YDULHGEHWZHHQ03DWR03D
ZLWKDVWHSRI03DLVDSSOLHGWRWKHOLPLWHGVXUIDFHRILQQHUDQGRXWHUF\OLQGHUVFRUUHVSRQGLQJWRWKHUHDOSDFNLQJ









5.3. Results and analysis 
)LJXUHLVWKHUHODWLRQVKLSEHWZHHQD[LDOVWUHVVG DQGKRRSVWUDLQPHDVXUHGLQWKHWHVW)RUDFHUWDLQKRRSVWUDLQ
WKH FRUUHVSRQGLQJ ODWHUDO SUHVVXUH Q FDQ EH REWDLQHG IURP )LJ 7KHQ WKH FRHIILFLHQW K FDQ EH FDOFXODWHG
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DFFRUGLQJWR(T)LJDνFDUHWKHUHODWLRQVKLSEHWZHHQD[LDOVWUHVVG DQGODWHUDOSUHVVXUHFRHIILFLHQW K 
RIVLQJOHSDFNLQJULQJZLWKGLIIHUHQWGHQVLW\
$VFDQEHVHHQIURP)LJD̚ FK LVVOLJKWO\GLIIHUHQWZLWKGLIIHUHQWGHQVLW\EXWWKHHIIHFWRIGHQVLW\RQ
K LVYHU\VPDOODQGWKHGLIIHUHQFHEHWZHHQ iK DQG oK LVDOVRYHU\VPDOOZKHQGFKDQJHVEHWZHHQa03DWKH
















 7KH FRPSUHVVLRQ DQG UHVLOLHQFH UDWH LV GLIIHUHQW IRU WKH SDFNLQJ ULQJVZLWK GLIIHUHQW QRPLQDO GHQVLW\ 7KH
SHUIRUPDQFHRIFRPSUHVVLRQDQGUHVLOLHQFHRIWKHSDFNLQJULQJZLWKJFPLVEHWWHUWKDQWKHRWKHUWZR
 7KH QRPLQDO GHQVLW\ KDV DQ LQIOXHQFH RQ WKH D[LDO IRUFH WUDQVPLVVLELOLW\ ,W LQFUHDVHVZLWK WKH LQFUHDVH RI
GHQVLW\ 7KH JUDSKLWH SDFNLQJ ULQJ ZLWK WRR VPDOO GHQVLW\ VKRXOG QRW EH FKRRVLQJ DV SDFNLQJ ULQJ LQ SUDFWLFDO
DSSOLFDWLRQ
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